CHARGE PUMP DEVICE FOR SEMICONDUCTOR MEMORY 



RRLATEg> APPLICATION 

[Oil Tlie present application claims the benefit of Korean Patent 
Application No. 87289/2000 filed Decemtjer 30, 2000, which is herein 
fuEy incoiporated by reference. 

B ACKGROUWP OP THE INVENTION 

Field of the Invention 

[021 The present invention relates to a circuit for generating a 
step-up voltage in a semiconductor memory, and more particularly, to a 
charge pump circuit in a semiconductor memory. 

Discussion of the Related Art 

[03] Fig. 1 shows a block diagram of a charge pump device or 
circuit 50 in a semiconductor memoiy according to a related art. 

[04] Referring to Fig. 1, the charge pump circuit 50 is 
constructed with a level detector 10 for detecting a level of a step-up 
voltage VPP by comparing it with a reference voltage VREF and 
producing a level detection signal DET based on the comparison results, 
an oscillator 20 for producing a pulse signal PUL in accordance with the 
level detection signal DET output from the level detector 10, and a 
charge pump unit 30 for outputting a step-up voltage VPP by cairying 
out a chaise pumping operation in accordance with the pulse signal PUL 
output from the oscillator 20. The chaise pump unit 30 comprises at 



least one of a plurality of unit charge pumps 30-1 to 30-n. 

[05] Figs. 2 is a detailed circuit diagram of the level detector 10 
in Fig. 1. As shown in Fig. 2, the level detector 10 is constructed with a 
differential amplifier for comparing the step-up voltage VPP to the 
reference voltage VREF and outputting the level detection signal DET. A 
pumping enabUng signal PUMP_ON is input to a gate of an NMOS 
transistor NM3. 

IP6] The operation of the above-constructed charge pump circuit 
50 in a semiconductor memory according to a related art is explained in 
detail as follows. 

[071 When the charge pump circuit 50 is operated by a high level 
stage of the pumping enabling signal PUMP.ON, the level detector 10 
detects a level of the step-up voltage VPP by comparing a VPP level to the 
reference voltage VREF. Namely, as shown in Fig. 2, if the level of the 
reference voltage VREF is higher than the level of the step-up voltage 
VPP, the level detector 10 outputs a level detection signal DET of a high 
level through an inverter INV. If the level of the reference voltage VREF is 
lower than tiie level of the step-up voltage VPP, a level detection signal 
DET of a low level is output by the level detector 10. 

[08] The oscillator 20 operates based on the level detection signal 
DET output from the level detector 10 to initiate or stop the operation of 
the unit charge pumps 30-1 to 30-n of the charge pump unit 30. Namely, 
when the level detection signal DET output from the level detector 10 is 
at a high level, the VPP level is increased by operating all the unit charge 
pumps 30-1 to 30-n of the charge pump unit 30. If the level detection 
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signal DET output from the level detector 10 is at a low level, the VPP 
level is decreased by stopping the operation of all the unit charge pumps 
30-1 to 30-n. 

lOSl In this regard, the charge pump circuit of the related art 
carries out the pumping operation by operating the pluraMty of the unit 
charge pumps at once without any regard to whether the device is in a 
low or high speed operation (low or high power consumption). This 
results in excessive power consumption by the device since operating all 
unit charge pumps, even if it is unnecessary, reqtiires a significant 
amount of energy. 

SUMMARY OF TH E IlffVBWTION 
[icq Accordingly, the present invention is directed to a charge 
pump circuit or device in a semiconductor memory that substantially 
obviates one or more problems due to limitations and disadvantages of 
the related art. 

[llj An object of the present invention is to provide a charge 
pump circuit or device in a semiconductor memory for reducing power 
consumption by driving selectively a plurality of unit charge pumps in 
acconiance with required power amounts. 

[121 Another object of the present invention is to provide a 
charge pump device and method that is efBcient and effective in its 
operation. 

[13] Additional advantages, objects, and features of the invention 
will be set forth in part in the description which follows and in part will 



become apparent to those having ordinary skill in the art upon 
examination of the foUowing or may be learned from practice of the 
invention. The objectives and other advantages of the invention may be 
realized and attained by the structure particularly pointed out in the 
written description and claims hereof as well as the appended drawings. 

[141 To achieve these objects and other advantages and in 
accordance with the purpose of the invention, as embodied and broadly 
described herein, a charge pump circuit in a semiconductor memory 
according to an embodiment of the present invention, includes a charge 
pump unit constructed with a first to an nth unit charge pumps, a 
multi-level detector detecting a level of a step-up voltage by multi-steps 
so as to drive the unit charge pumps variably in accordance with an 
amount of power consumption of the device, an oscillator producing a 
pulse signal in accordance with a detect signal of the multi-level detector, 
and a logic operation part operating the pulse signal of the oscillator and 
a level detect signal produced from the multi-level detector and 
outputting the operated signal to the charge pump unit. 

[151 Preferably, 1±ie multi-level detector includes a voltage 
distributor dividing a power source voltage into a first to an nth voltage 
levels, and a first to an nth level detectors detecting the level of the step- 
up voltage by comparing the step-up voltage to the first to nth voltage 
levels divided by the voltage distributor. 

[161 More preferably, the first unit charge pump is always driven 
by the detection sl^al output from the multi-level detector, all of the 
first to nth unit charge pumps are driven when power is on or the 



amount of the power consumption is large, and the second unit charge 
pump is driven when the power consumption is small on an active stage. 

(171 another aspect of the present invention, a charge pump 
circuit in a semiconductor memory includes a charge pump unit 
constructed with a first to an nth unit charge pumps, a multi-level 
detector detecting a level of a step-up voltage by multi-steps so as to 
drive the unit charge pumps variably in accordance with an amount of 
power consumption of the device, an oscillator producing a pulse si^ial 
in accordance with a detect signal of the multi-level detector, and a logic 
operation part operating the pulse signal of the oscillator and a level 
detection si^al produced from the multi-level detector, the logic 
operation part outputting the operated signal to the first to nth unit 
charge pumps, wherein the multi-level detector comprises a voltage 
distributor dividing a power source voltage into a first to an nth voltage 
levels, and a first to an nth level detectors detecting a plurality of levels 
of the step-up voltage by comparing the step-up voltage to the first to 
nth voltage levels divided by the voltage distributor. 

[18J It is to be understood that both the foregoing general 
description and the following detailed description of the present 
invention are exemplary and e^lanatoiy and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[19] The accompanying drawings, which are included to provide 
a further understanding of the invention and are incorporated in and 



constitute a part of this application, illustrate embodiment(s) of the 
invention and together with the description serve to explain the principle 
of the invention. In the drawings: 

[20| Fig. 1 illustrates a block diagram of a charge pump circuit in 
a semiconductor memory according to a related art; 

[21] Fig. 2 illustrates a circuit diagram of a level detector in Fig. 
1 according to the related art; 

[22S} Fig. 3 illustrates a block diagram of a charge pump circuit or 
device usable in a semiconductor memory according to one embodiment 
of the present invention; 

[23] Fig. 4 illustrates a circuit disgram of a level detector in Fig. 
3 according to one embodiment of the present invention; and 

124] Fig. 5A-5C illustrate timing graphs for explaining a unit 
charge pump driven selectively in accordance with the device state in Fig. 
3. 



[251 Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are illustrated 
in the accompanying drawings. 

{26] Fig. 3 illustrates a block diagram of a charge pump circuit or 
device 500 useable in a semiconductor memory or other applicable areas 
according to one embodiment of the present invention. 

[271 Refemng to Fig. 3, the charge pump device 500 is 
constructed with a multi-level detector 100 for detecting a level of a step- 



up voltage VPP using multiple steps, an oscillator 200 for producing a 
pulse signal PUL in accordance with a first level detection si^al DETl 
detected by the multi-level detector 100, a charge pump part 400, and a 
logic operation part 300 for diiving the charge pump part 400 by 
NANDing both the pulse signal PUL of the oscillator 200 and second to 
nth-level detection signals DET2 to DETn detected by the multi-level 
detector 100. The elements are all operatively connected. 

[28] The charge pump part 400 includes a plurality of unit 
charge pumps 40-1 to 40-n. The first unit charge pump 40-1 of the 
charge pump part 400 is always turned on or in operation once the 
pump operation of the device 500 is initiated. But, the second to nth 
unit charge pumps 40-2 to 40-n are driven selectively based on the 
amount of power consumption of the device 500. That is, not all the 
unit charge pumps 40-2 to 40-n may be in operation at a given time. 

[291 Fig. 4 is a circuit diagram of the multi-level detector 100 in 
Fig. 3 according to one embodiment of the present invention. As shown 
in Fig. 4, the multi-level detector 100 is constructed with a voltage 
distributor 101 for dividing a power source voltage into a plurality of 
voltage levels DIVl to DIVn each corresponding to a divided step-up 
voltage, and a plurality of level detectors 100-1 to 100-n each detecting a 
level of a divided step-up voltage by comparing the reference voltage 
VREF to the corresponding one of the divided voltage levels DIVl to DIVn. 
A pumping enabling signal PUMP_ON is applied to an NMOS gate in 
each of the level detectors 100-1 to 100-n, which generates and outputs 
a level detection signal DETl... DETn based on the level detection results. 



In this case, the level detectors 100-1 to 100-n are irapleffiented by using 
a differential araplifier (e.g., composed of PMOS and NMOS transistors) 
that are prefembly not affected by a process variation, temperature, or 
other factors. But, the implementation of the level detectors 100-1 to 
5 100-n is not limited to such, but can be made using other means. 

[301 The operation of the above-constructed charge pump device 
500 usable in a semiconductor memoiy according to an embodiment of 
{3 the present invention is described as follows refening to Figs. 5A-5C. 
fTi [311 As shown in Figs. 5A-5B, when a pumping enabling signal 

m 

fpo PUMP_ON is at a high level by power-on of an apparatus, system or the 

CO 

m like (host) associated with the device 500, the multi-level detector 100 

H outputs first to nth level detection signals DETl to DETn by comparing a 

ru 

[U VPP level to the refierence voltage VREF. At this time, all of the first to 
^ nth level detection signals DETl to DETn are at a high level since the 
15 initial level of the step-up voltage VPP output from the charge pump part 
400 is low. 

|32| Subsequently, the oscillator 200 generates and outputs a 
pulse signal PUL in accordance with the high level detection signal DETl. 
The pulse signal PUL output from the oscillator 200 is then applied to 

20 the charge pump part 400 tlirough the logic operation part 300, thereby 
operating all of the first to nth unit charge pumps 40-1 to 40-n. Thus, 
the VPP level rises from low to high. Once the level of the step-up 
voltage VPP rises, the multi-level detector 100 generates the first to nth 
level detection signals DETl to DETn that have been svdtched from a 

25 high to low level due to the rising of the step-up voltage VPP. The level 



detection signals DETl to DETn at a low level then place the unit charge 
pumps 40-2 to 40-n in a standby state by reducing the number of the 
unit charge pumps 40-2 to 40-n that are in operation. 

[33] Particularly, at the standby state, the level of the step-up 
voltage VPP is maintained by operating only the first unit charge pump 
40-1, which is possible by designing a level of the divided voltage DIVl 
output &om the voltage distributor 101 to be lower than the reference 
voltage VREF based on this formula: 

DIV1=VPP*R0/(R0+R1 +. ..+Rn) 
where RO,Rl...Rn are the values of resistors. 

[341 When the associated apparatus (e.g., memory) starts to 
consume power at an active stage (low-speed opemtion), a level of the 
step-up voltage VPP decreases. Once the level of the step-up voltage VPP 
is decreased, the level of the divided voltage DIVl to be compared with 
the reference voltage VREF decreases as well. Then, the second level 
detection signal DET2 output from the level detector 100-2 is shifted 
from a low level to a high level, whereby the second unit charge pump 
40-2 starts to operate. 

[35J Thereafter, if too much power is consumed by the device in 
the active stage (high-speed operation), the level of the step-up voltage 
VPP is greatly lowered, whereby other detection sisals such as the nth 
level detection signal DETn output from the level detector 100-n is 
shifted from low to high- In this manner, all of the first to nth level 
detection signals DETl to DETn can be selectively switched to a hi^ 
level, thereby turning on all the unit charge pumps 40-1 to 40-n. 
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{361 By carrying out such procedures repeatedly to drive 
selectively one, two or more of the plurality of the unit charge pumps in 
accordance with the amount of power consumed by the apparatus (e.g., 
memory) or the like associated with the charge pump device 500, the 
charge pump device according to the present invention maintains the 
level of the step-up voltage VPP. For example, one unit charge pump 40- 

1 is driven only at a standby stage, two unit charge pumps 40-1 and 40- 

2 may be driven at a low power consumption stage, and all or most of 
the unit charge pumps 40-1 to 40-n may be driven at a high power 
consumption stage. 

[371 Accordingly, the charge pump device according to the 
present invention reduces power consumption by adjusting 
automatically the number of unit charge pumps in operation in 
accordance with the power consumption variation of an associated 
apparatus by detecting a level of a step-up voltage. 

[381 Moreover, the present invention decreases noise generated 
from signal switching due to the reduced size of a pump capacitor in 
each of the unit charge pumps by varying the number of the unit charge 
pumps in accordance with the power consumption variation. 

[391 I'he forgoing embodiments are merely exemplary and are not 
to be construed as limiting the present invention. The present teachings 
can be readily applied to other types of apparatuses, systems and/or 
methods. The description of the present invention is intended to be 
illustrative, and not to limit the scope of the claims. Many alternatives, 
modifications, and variations will be apparent to those skilled in the art. 
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